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ABSTRACT: Filaments characterized by high strength, high 
rigidity, and high resistance to deterioration at elevated tem 
peratures are utilized in a process of fabricating a multilayer 
?ber-reinforced metal matrix composite by winding a ?lament 
On a spring-loaded mandrel covered with brazing foil, preheat 
ing the mandrel, plasma arc spraying metal matrix material in 
coalescent form onto the ?lament windings so as to form a 
monolayer tape, and low pressure braze bonding a plurality of 
such tapes together in layers, the process being characterized 
by a high degree of reproducibility. 
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MlE'll‘ll-llOlD Oh‘ FABRICATKNG FlllElER-REINFORQED 
ARTICLES AND PRODUCTS PRODUCED THEREBY 

BACKGROUND OF THE INVENTION 

The present invention relates to the production of ?ber 
reinforced composites and more particularly relates to the 
production of ?ber-reinforced monolayer composite tapes 
which are low-pressure braze bondable together. 

5 

It is known that ?ber strengthening offers the potential of 10 
signi?cant improvements in the fabrication of composite 
structural materials designed to meet the imposing require 
ments of space-age hardware, The concept of ?ber 
strengthening is based on the fact that materials produced in 
the ?brous form frequently exhibit a higher elastic modulus 
and a larger elastic strain capacity and, hence, higher stiffness 
and strength than the corresponding materials in bulk. The 
development of structural high modulus composites has 
received considerable attention in the past few years. Progress 
has been made in the development of high-strength, high 
quality ?bers, such as boron and silicon carbide, for example. 
These ?bers combine the high strength of fiber glass with a 
high modulus and suggest the feasibility of fabricating ?ber 
reinforced structures having a superior balance of strength 
and stiffness. In order to exploit these properties, it is necessa 
ry to gather these ?bers together into a composite structure in 
such a way that failure in several isolated ?bers will not be 
transmitted to the surrounding ?bers, and further, to dis 
tribute the load with reasonable uniformity over the entire 
?ber bundle. One method of effecting this result is to encase 
multiple layers of uniformly distributed ?bers in a matrix 
material which will deform plastically. The achievement of 
such high-modulus composites having a high strength to densi 
ty ratio is dependent on several primary factors. 

In order to be structurally efficient, the matrix material 
must possess high strength and large elongation capabilities. 
High strength is necessary in order to transfer stresses between 
?bers so that discontinuous ?bers are reloaded. The plastic 
strain capability must be high enough to resist fracture under 
severe localized strain, particularly at ?ber fracture ends and 
between ?ber layers. Additionally, the residual stresses in the 
composite caused by differences in thermal contraction 
between the ?ber and matrix during cooling must be 
minimized. It has been found that the difference between the 
coef?cients of thermal expansion of, for example, boron ?bers 
and an aluminum matrix can result in 0.5 percent strain upon 
cooling from 400° F. with the matrix in residual tension. 

Furthermore, it is important in a ?ber-reinforced composite 
that the ?bers be uniformly spaced in order to achieve high 
matrix tensile strength and uniform off axis properties. One of 
the most important factors for producing uniform spacing is 
the provision of a ?at and smooth winding surface or sub 
strate. 

Finally, to be commercially feasible, a process which 
achieves the above-desired properties must be able to achieve 
them consistently so that the product composite will be highly 
reproducible. 
One of the paramount problems in obtaining high-strength, 

high modulus composite articles involves the actual process of 
incorporating ?bers into the matrix material to provide the 
desired end item. Several prior art processes have been em 
ployed for the fabrication of metal matrix composites. These 
include such techniques as molten metal in?ltration, vapor 
deposition, electrodeposition, eutectic solidi?cation and 
plasma arc spraying. One example of the latter method is 
described in US. Pat. No. 3,427,185 to Cheatham et al., 
which shares a common assignee with the instant invention. ln 
that process, multiple layers of ?laments are incorporated in a 
metal matrix by arranging a ?lament or mat of ?laments 
directly on a mandrel, plasma spraying a metal matrix thereon 
and subsequently repeating the winding and spraying steps on 
each preceding composite ?ber-matrix layer for the desired 
number of times. in other words, a multilayer composite is 
produced by building up alternate layers of ?ber and metal 
matrix on each other. 
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2 
Although the prior art processes result in ?ber-reinforced 

metal matrix composites of increased strength to density 
ratios, their structural efficiency is impaired by a relatively 
weak bonding between composite layers, particularly where 
there is a high ?ber volume fraction, and by residual stress 
concentrations caused by different coefficients of thermal ex 
pansion for the ?bers and the matnix which are difficult to 
‘control with respect to uniformity and severity. Furthermore, 
?ber spacing, which is apparently critical in off axis strength, 
is uneven because the substrate for the ?lament winding is‘ not 
flat after several layers have been built up. Still further, the 
prior art processes are dif?cult to pursue when attempting to 
made multilayered composites of complex shape since the 
ability to wind mono?laments to such a shape with ‘the 
requisite degree of uniformity is greatly limited. On a broad 
scale then, there is a serious reproducibility problem .‘as 
sociated with the above techniques which stems basically from 
an inability to insure that the ?laments and hence the matrix 
material will be provided in the same location, in the same 
quantity, and in the same quality in each article. Quite to the 
contrary, articles produced by the foregoing methods may 
vary signi?cantly with respect to their physical properties 
despite the most careful attention to process details. 

SUMMARY OF THE INVENTION 

The present invention relates to fiber-reinforced articles 
and, more particularly, to an improved process for fabricating 
such articles to‘ provide a maximum and uniform ?ber ?ll, as 
desired, and impart reproducibility to the fabrication from one 
article to the‘next. It contemplates the use of ?laments as, for 
example, boron, silicon carbide or boron coated with silicon 
carbide and a metal matrix material as for example aluminum 
to make monolayer tapes which are easily handled and highly 
reproducible. The tapes are preferably integrated into a mul 
tilayer composite of extreme cross-sectional uniformity. 

In accordance with one aspect of the present invention, a 
multilayer composite is produced from a plurality of single 
layer plasma sprayed tapes which are each fabricated on a 
substrate under identical circumstances with respect to stress 
and temperature. A single ?lament is wound in helical colli 
mated relation on a mandrel which is covered with brazing 
foil. The filament is uniformly tensioned and preheated to a 
predetermined level and a metal matrix material is applied by 
plasma arc spraying. The resulting tapes possess excellent ?la 
ment-matrix bonding characteristics with no signs of fiber 
degradation and are preferably formed into a multilayer com 
posite of the desired shape by consolidating the requisite 
number of tapes together in layers and subjecting them to a 
low-pressure braze bonding operation. 
By means of the present invention, not only is the produc— 

tion of easily handleable high modulus monolayer composite 
tapes attained, but composite tapes so produced are extremely 
uniform and highly reproducible. Furthermore, composite 
tapes so produced are readily amenable to defect and struc 
ture examination by NDT method. One of the most signi?cant 
advantages of the present invention resides in its versatility 
and great ‘potential in applications directed toward ‘ the 
production of large scale multilayer components. The utiliza 
tion of a braze foil substrate in the manufacture of monolayer 
tapes, obviates the need for diffusion bonding techniques and 
the extremely high pressures necessary therein. The braze 
bonding technique is particularly amenable to the production 
of composites of great dimensional magnitude since it can be 
performed with readily available production presses. The 
requirement for uniform pressure over the entirearea to as 
sure good densi?cation is, in comparison, easily achieved par 
ticularly for large area components, by utilization of 
monolayer tapes which incorporate a brazing layer since all 
voids are readily ?lled by the braze material at the brazing 
temperature. The process is simple and inexpensive, and 
yields precisely spaced ?bers with a minimum of residual 
stress in the composite. Strong ?ber-matrix bonding is 
achieved without ?ber degradation and the technique of 



3,615,277 
3 

producing, as an intermediate product, monolayer tapes, 
resolves the problem of mono?lament handling and permits 
the fabrication of large and complex parts with ease. Since the 
correct ?lament-matrix volume ratio may be established prior 
to the tape laying step, variations in the ratio as a result of una 
voidable variations in technique are minimized. As a con 
sequence of the teachings herein, a unique metal matrix com 
posite is achieved in a manner heretofore unknown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view of a mandrel suitable for use 
during composite fabrication; and 

FIG. 2 is a side elevational view, partly in section, of a 
plasma spray chamber. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, wherein like numerals in 
dicate like parts, the numeral 10 designates a hollow, cylindri 
cal, diametrically split mandrel comprised of a pair of 
matching semicylindrical pieces 12 and 14. The mandrel 
pieces are secured together at their interface by a hinge 16 at 
one end and are pivotally separable to a controlled degree by 
means ofa pair of springs 18 and a locking strap 20 located at 
the opposite end. The strap 20 is provided with a longitudinal 
slot 22 adjacent one end. A thumbscrew 23, having an en 
larged head, is suitable received in the slot 22 and is operable 
to lock the mandrel in a spring-expanded position. The man 
drel 10 has a central axial passageway-24 adapted for receipt 
of an appropriate driving shaft (not shown) so that the man 
drel is both rotatable and axially movable. 
According to the practice of the invention, with the springs 

biasing the pieces outwardly, the mandrel is locked in the 
open position and a selected sheet of metal brazing foil is laid 
in a single layer in covering relation over the entire cylindrical 
surface thereof in a smooth and uniform manner. In order to 
prevent wrinkling during fabrication, the foil is preferably of a 
material which is thermally compatible with the mandrel, that 
is, it must have a coef?cient of expansion which is substan 
tially the same therewith. Further, the foil should have excel 
lent brazing characteristics with respect to the plasma sprayed 
matrix material. One of the advantages of using the foil as a 
substrate material is the fact that it improves the handling 
characteristics of the monolayer tape and gives it a signi? 
cantly increased degree of toughness. As explained 
hereinafter, the foil is made adherent to the ?bers and is sub 
sequently incorporated into the matrix material. 

Filamentary material is selected and wound in closely laid, 
evenly spaced helical convolutions on the foil. This can be ac‘ 
complished by drawing continuous ?lament from a supply 
reel, securing the end of the ?lament adjacent the side of the 
mandrel, and guiding the ?lament under winding tension, by 
suitable pay off means while the mandrel is rotated. The exact 
mechanism by which the ?ber is laid on the foil substrate is not 
considered part of the present invention and those skilled in 
the art will recognize that there are many alternative schemes 
for placing ?laments, in tension, on a mandrel in a collimated 
manner. By the term collimated is meant the state wherein ad 
jacent ?ber lengths are evenly and uniformly spaced from 
each other and such a concept is equally applicable to a single 
?ber helically wound on the mandrel or a plurality of ?bers 
wound on the mandrel and residing in parallel planes. 
Upon completion of the winding, the ?lament is broken and 

affixed to the mandrel and the restraining strap 20 is released. 
The mandrel is then positioned in a plasma spray chamber 26 
where deposition of the metal matrix material by means of a 
plasma torch 28 can be accomplished in an argon atmosphere. 
Prior to spraying, the mandrel, metal foil and wound ?laments 
are preheated to a temperature su?iciently high to assure 
bonding to the matrix during plasma spraying. The actual 
heating is accomplished both by infrared lighting and by the 
plasma torch. It has been determined that a preheat tempera 
ture betweenflQQf and Fresults in good adherence while 
a temperature below ZOOSQF. results in nonadherence. During 
spraying, the mandrel is rotated and traversed in front of the 
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4 
stationary plasma arc in order to obtain an even layer of 
matrix material. Variables aalhich affect the plasma ?ame are 
the power input to the arc, the geometry and size of the arc 
electrodes, and the composition and ?ow rate of the plasma 
gas. Deposits were made with 400-500 amperes, 30-35 volts, 
and l40-160 cu. ft./hr. STP of argon. In addition to these vari 
ables, the deposit is affected by controlling the rate of powder 
feed, the position of the powder feed inlet hole of the plasma, 
the size distribution of the powder, the torch to substrate 
distance, the nature of atmosphere surrounding the plasma ex 
haust flame and the substrate, and the substrate temperature. 
Composites were made with a moderate feed rate with respect 
to saturation (3 pounds per hour of metal powder spray), the 
powder inlet located in the ionizing zone of the arc, ~240+400 
mesh size spherical metal powder, a four to ?ve inch arc to 
substrate distance, an argon atmosphere, a substrate tempera 
ture of 400°-600° F. and a relative velocity of the plasma spray 
arc across the substrate of two to eight inches per second. 
The instant technique of preheating and plasma spraying 

not only causes the coalescent particles of matrix metal to en 
case the ?bers and adhere to them, but at the same time 
causes the mandrel to thermally expand so as to operate 
against the bias of springs 18 and cause the mandrel pieces 12 
and 14 to close. The mechanical contraction of the thermally 
expanding mandrel minimizes the variations of tensile strain to 
which the ?laments would otherwise be subject. When the 
spraying is complete, the tape and the mandrel are cooled to 
room temperature and during the cooling process, the op 
posite compensatory mandrel action occurs. The thermally 
contracting mandrel is mechanically expanded by the action 
of the springs 18 so that the difference between the coeff 
cients of thermal expansion of the ?bers and matrix is ac 
counted for. In all, the ?bers are subjected to not greater than 
0.3 percent strain at spraying temperature. 

After cooling, the monolayer tape is removed from the man 
drel by cutting in the desired manner. The tape may for exam 
ple, be severed transversely so as to form a flat tape having 
dimensions of the width and girth of the mandrel or alterna 
tively, in the form of a helix having dimensions of width nar 
rower than the width of the mandrel and of length longer than 
the girth of the mandrel. 
Once the tape is removed, it is preferably subjected in 

general, along with other like tapes, to a secondary fabrication 
technique. In particular, the monolayer tapes are low pressure 
braze bonded in a nonoxidizing atmosphere. The desired 
number of tapes are laid up, one upon the other, between steel 
platens or dies and are subjected to an elevated temperature 
until the foil is incorporated into the sprayed matrix and the 
required densi?cation is achieved. 

Various experiments were conducted to establish the eff 
ciency of the techniques hereinbefore described. During the 
practice of the invention, an aluminum mandrel 6 inches wide 
and 20 inches in diameter was provided with a pair of au 
tovalve springs, each having a spring constant of 900 lb./in. 
The strap 20 was operable to lock the mandrel at a maximum 
separation distance of 1/4 inch. Aluminum matrix materials 
were at various times applied to boron, silicon carbide and sil 
icon carbide coated boron ?laments. It is to be understood 
that general usage herein of the terms aluminum includes 
reference not only to the pure metal but also to the respective 
aluminum-base alloys. Some of the ?ber and powder and foil 
matrix materials found suitable for use in the fabrication of 
composites according to the instant invention are set forth in 
table I. 

TABLE 1 

Materials for Braze Composite Fabrications 
Average 
Ultimate 
Tensile 

Diameter Modulus Strength 
Fiber In inches 10°‘ psi psi Source 

Boron .0039—.004l 55-60 425,000 United 
500,000 Aircraft 

Research 
Labs (UARL) 

Boron with .000l0 0039-0041 55-60 425,000 UARL 
to .000l5 inch SiC 500.000 
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TABLE I - Continued 

coating 
(BORSlCm) 
SiC 0025-0033 > 50 275,000 UARL 

400,000 

Brazeablc Alloy (Powdcri Type Size Range Source 

1 100-Commercially pure Speroidized 15-44 Thermal 
Aluminum Micron Dynamics 

6061 Aluminum Alloy (1.0% Atomized —270+400 Reynold's 
Mg, 0.5% Si, Bal Al) mesh MetalCo. 

Brazing Alloy (Foil) Thickness Source 

713 (7.5% Si, 08% Fe. Bal All 
718 (12% Si, Ball All 

0.001-0.002 Alcoa 
0.001-0.002 Alcoa 

Of course, many other combinations of ?ber, brazeable 
alloy and brazing alloys appear suitable. Such other brazeable 
aluminum alloys as 3003, 3004, 5005, 5050, 6062, 6063, 
6951, etc. and brazing alloys as those having Aluminum As 
sociation Designation 4043, 4045, 4145, 4245, etc., are ap 
propriate. It should be noted however, that the usage of rein 
forcing ?bers, such as those listed above is not intended to be 
restricted solely to an aluminum system. The ?bers may be in 
corporated into other metal alloy systems as will be ap 
preciated by those skilled in the art wherein the alloy can be 
brazed at temperatures lower than those at which ?ber 
degradation occurs. 

It is possible for example to use, in a manner similar to the 
aluminum system described herein, alloy systems such as 
titanium, nickel, low alloy steels and high carbon steels, stain 
less steels, magnesium, the superalloys, copper and brass, 
tungsten, molybdenum, columbium, and tantalum. Particular 
utility is indicated in the ?ber reinforcement of light metals. A 
suitable brazing alloy for titanium and its alloys for example, is 
Ti~15Nil5Cu or Ti-48Zr-4Be while a suitable brazing alloy 
for magnesium is American Welding Society -ASTM designa 
tion BMg-l and BMg-Z. 

It is recognized also that the brazing alloy need not be ap 
plied in foil form. The brazing alloy may be plasma sprayed 
onto the ?laments with the brazeable alloy in the foil form. So 
long as the brazing alloy has a melting point below that of the 
brazeable alloy and the ?ber is not subject to degradation dur— 

6 
ing the process, satisfactory composites can be made. 

Considerable fabrication development was performed 
utilizing a system of 0.001 inch thick foil of 713 aluminum 
braze alloy, plasma sprayed 6061 aluminum alloy powder, and 

5 BORSIC ?ber. In one investigation, tapes consisting of BOR 
SlC fiber (normal diameter 4 mils) were wound at 185 
turns/inch on 0.001 inch thick 713 braze foil (composition by 
weight: 7.5 Si. 0.8 Fe, 0.2 Zn, 0.1 Mg, Bal Al) and sprayed 
with a 6061 aluminum alloy matrix. The tapes were braze 
bonded in an argon atmosphere for l.0—30 minutes at 590°— 
600° C. at pressures ranging from 15 to 400 p.s.i. The initial 
thickness of the tapes prior to hot pressing was 9.7 mils with a 
tape density of 0.20 grams/in? The limiting point of compac 
tion was 5 mils/layer. Similar results obtained when the braze 
bonding occurred in a vacuum and the use of either argon or 
vacuum is far superior to bonding in air which results in un 
desirable oxidation. ’ 

In further investigations, consolidation and compaction of 
the braze bondable tapes was compared with hot press bonda 
ble tapes. Both tapes were made by the same process, with the 
braze bondable tape utilizing one mi] 713 alloy foil and the hot 
press bondable tape instead incorporating one mil 606i alloy 
foil. The monolayer tapes were produced in 5 feet long, 6 inch 
wide strips and were cut into 6 inch by 6 inch sheets and laid 
up upon each other as indicated in the tables below. In order 
to prevent oxidation, the tapes were cleaned with an acetone 
rinse. The stacked tapes were then braze bonded together in 
an oxidation-free environment, i.e., either in vacuum or argon 
without ?ux or in a commercially available stainless steel en 
velope (SEN—PA1() containing a material suitable for getter 
ing contaminating gases. The tape stacks were then placed 
between heated dies. The braze bondable tapes were heated at 
approximately 540 ° C. for 15 minutes under a low pressure as 
set forth below and then, in the braze cycle, heated at 590 “ 
600 ° C. for 15 more minutes at the same pressure. The braze 
cycle causes in?ltration, liquid phase sintering, and incipient 
melting of the 6061 which has a solidus temperature of 582 ° 
C. The consolidation is, of course, enhanced by the pressure 
applied to the composite during the heat treatment. it will be 
appreciated that the temperature during the braze cycle must 
be carefully controlled to avoid excessive melting of the 6061 
alloy and resulting uneven ?ber spacing in the ?nal product. 

Braze bonded multilayer composites produced by the 
foregoing techniques were subjected to mechanical property 
evaluation, the results of which are set forth in table ll. 
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TABLE II.—MECHANICAL PROPERTIES OF BRAZED COMPOSITES 

Pressure Axial to Ultimate Young's 
during Number transverse Orientation Volume tensile modulus, Strain at 

Specimen brazing, of tape tape of tapes in percent strength, 106 fracture, 
N o. p.s.i. layers ratio 1-2 composite 1‘ fiber K 5.1 p.s.i. percent 

1.. 15 5 _.. . 5A 50 145 30 .49 
140 20 . 48 
125 28 .43 
117 27 .45 

2 .......... .. 25 5 ............ __ 5A 54 141 86 .45 

143 35 .46 
157 35 .55 
154 37 .47 

3 __________ .. 50 5 ............ .. 5A 52 147 31 .46 

137 33 .42 

4____ .. 100 8 . . . _ _ _ . . . . . . _. 8A 52 

5 .......... _. 200 8 _ . . . . . _ _ . _ . .. 8T 41 

6 .......... ._ 200 10 80/20 4A—2T-4A 52 111 25 .52 
108 28 .52 
‘.10 30 .42 
06 22 . 44 

7 __________ __ 400 10 60/40 3A-4T-3A 50 B7 111 .50 
85 18 . 52 
83 i9 .48 
91 20 .40 

8 .......... _. ‘200 10 20/80 4T-2A—4T 47 21 8 .42 
21 10 . 30 
10 8 . 38 
23 ‘J .37 

1 Fibers in axially oriented tape parallel to tensile test direction. 
I Fibers in transversely oriented tape perpendicular to tensile test direction. 
3 A==ax1a1ly oriented tape, T=transvcrse oriented tape. 
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It should be noted that typical properties of diffusion 
bonded multilayer composites with 50 percent by volume Bor 
sic in a 6061 aluminum matrix include: axial strength of 
170,000 p.s.i.; axial modulus of 33 X106 p.s.i.; transverse 
strength of 18,000 p.s.i.; and transverse modulus of 19 ><l06 
p.s.i. 
From the foregoing and other tests, it was found that 

complete compaction was achieved by the braze bonding 
technique. Metallographically, no signi?cant evidence of 
porosity was observed in multilayer composites fabricated by 
the braze bonded method. In summary, it can be seen that the 
mechanical properties of the braze bonded aluminum alloy 
matrix composites generally approach those of diffusion 
bonded composites for both unidirectional as well as cross ply 
con?gurations. 

It will be appreciated from the foregoing that braze bonda 
ble monolayer tapes are greatly advantageous, particularly 
when it is considered that dense multilayer composite struc 
tures can be made at pressures ranging from 15 to 400 p.s.i. in 
contrast to diffusion bondable tapes which usually require 
pressures of 2,000 p.s.i. and higher. 

In the practice of the present invention, it is recognized that 
several other modi?cations can be made. It is recognized for 
example, that plasma spraying can be performed in air in 
order to promote a simpler and less expensive technique. 
Composites from tapes sprayed in air were‘ diffusion bonded 
with up to twenty layers in thickness. There is no signi?cant 
difference noted in the microstructures of these composites as 
compared to those sprayed in argon. The properties of these 
composites are also found to be nearly equivalent to those 
fabricated in an argon atmosphere. 

It is also recognized that the present technique is not limited 
to the fabrication of braze bondable monolayer tapes by the 
incorporation of a brazing foil substrate. As indicated herein 
before, an alternative method of practicing the technique in 
cludes adding the brazing alloy as a plasma spray coating, with 
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8 
the brazeable alloy applied as either a plasma spray coating 
also or as a foil backing. So long as a brazing alloy and a braze 
able alloy are combined to form a matrix material for the ?la 
ments whereby, during brazing, the brazeable alloy maintains 
?ber collimation while the brazing alloy allows fabrication and 
bonding at low pressures, the inventive concept pertains. 

It will be readily seen that, through the use of the techniques 
hereinbefore described, ?ber-reinforced articles of high quali 
ty can readily and reproducibly be fabricated. While the in 
vention has been described with reference to speci?c exam 
ples, fabrication parameters and materials, these embodi 
ments and conditions are intended to be illustrative only. Vari 
ous modi?cations and alternatives, other than those already 
mentioned, will be readily evident to those skilled in the art 
within the true spirit and scope of the invention as set forth in 
the appended claims. _ 

l. ?ber strengthened metallic composite tape material 
comprising: 

a brazing metal foil layer, 
a plurality of high strength high modulus reinforcing ?la 
ments contiguous to one face of said foil layer, said ?la 
ments being substantially uniformly spaced apart and 
aligned with each other along the tensile axis of the com 
posite metallic material; and 

a plasma sprayed brazeable metal layer bonded to said ?la 
ments and said one face of the foil layer, said ?laments 
being bonded to both the brazing metal layer and the 
plasma sprayed metal layer, 

said brazing layer having a melting point lower than that at 
which ?ber degradation occurs and below that of the 
plasma sprayed metal layer. 

2. The invention of claim 1 wherein said brazing metal foil is 
an aluminum brazing alloy, the ?laments are selected from the 
group consisting of boron, silicon carbide and silicon carbide 
coated boron, and the plasma sprayed brazeable metal layer is 
aluminum or an alloy thereof. I 


